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the screen. A shadow mask is located in proximity to the screen
and provides a-color selection function; i. e., each of the apertures
formed in the mask corresponds to one triad of color emitting

15 phosphor elements to cause the incident electron beams to strike
precisely one of" ‘the predetermined color-emitting phosphor

. - eclements to reproduce a color image. In such a display tube, the

% ' quality of the image is determined by, among other things, the
pitch or spacing of the apertures in the shadow mask. Enhanced

20 resolution shadow masks are defined as masks which provide
medium or high resolution images. One drawback of such

- ~enhanced resolution shadow masks is that, as the aperture array

" mcreases in density; i. e., the number of holes increases, the
structural ‘integrity of the mask decreases, resulting in masks that

25 are inherently weak and prone to damage during normal handling

N in the tube manufacturing process. '

Fig. 1 shows a conventional display tube shadow mask 2
having a plurality of apertures 3 formed therethrough. The
apertures 3 have circular openings 4 on the grade side of the

30 mask, facing the electron gun (not shown), and corresponding
circular openings 5 -on the cone or screen-facing side of the mask.
To prevent the incident electron beams from striking the
peripheral portion of the mask surrounding the apertures 3, the
diameter of the openings 5 on the cone-side of the mask is

35 significantly larger than the diameter of the openings 4 on the .
~grade-side, and the cone-side openings S5 are offset in the



i ncrea%es in density; i. e., the nunmber of holes increases, the structural
integrity of the mask decreases, resulting in nmasks that 25 are .
inherently weak and prone to damage during_nornal handling in the tube
manuf acturi ng process. Fig. 1 shows a conv@n_tional di spl ay tube shadow mask
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el liptical aperture openings are elliptical on both sides of the mask. The
10 electron gun is an in-line gun, and the screen is outwardly curved.
The elliptical apertures are said to maintain color purity and.
provide a correction for a twist in the landing position of the
electron beams caused by the in-line alignment of the gun and the
curvature of the screen. The elliptical apertures have their long -
15 axes aligned with one of the barrel-shaped curved lines which
pass through the rows of apertures. As shown in Fig. 10 of the
patent, the phosphor dots are elliptical in shape in order to
maintain color purity. Also, as shown in Fig. 12 thereof, the
elliptical apertures are formed on a concentric circle about the
20 center of the mask. At all locations, except along the major axis,
the long axes of the elliptical apertures are transverse to the beam
angle of the incident electron beams. Thus, the apertures must be
relatively large to permit passage of the beams without striking
the peripheral portions of the mask surrounding the apertures. A
25 drawback of such a mask structure is that a considerable amount
of material must be removed from the mask to form apertures
large enough to provide clearance for the electron beams, thereby
~weakening the mask. A need therefore exists for a shadow mask
capable of medium and high resolution performance, but with
30 greater inherent strength than the current masks.
In accordance with the present invention, a display
apparatus comprises a color CRT having an evacuated envelope
with a faceplate panel sealed to one end of a funnel that is closed
at the other end by a neck. The faceplate panel has a luminescent
35 screen on an interior surface thereof. A shadow mask is located in
proximity to the screen. The shadow mask comprises a metal




as the peripheral portion of the mask is approached. The shape of the
'aperture openings is the same on the grade side and the cone side of the
nask i. e., at the peripheral portions of, the mask, the aperture openings
are: elllptlcal on both sides of the mask. %he 10 electron gun is an
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In the drawings:
Fig. 1 is a plan view of a conventlonal dot array shadow
15 mask _ :
Fig. 2 is a plan view, partially in axial section, of a color
display apparatus embodying the present invention;
Fig. 3 is a section of a screen of the tube shown in Fig. 2;
- Fig. 4 is a plan view of a novel shadow mask according to
20 the present invention;
Fig. 5 is a section of the novel mask taken along the
diagonal;
Fig. 6 is a cross sectional view of a portion of the novel mask
along the diagonal, showing a preferred etch pattern;
25 Fig. 7 is a cross sectional view of a portion of the novel mask
along the diagonal, showing a second embodiment of an etch
pattern for the novel mask;
Fig. 8 is a segment of a shadow mask showing another
embodiment of the present invention;
30 Fig. 9 is a segment of a mask sheet showing patterns of
openings in photoresist layers on an exterior portion of the sheet;
Fig. 10 shows the sheet of Fig. 9 after a partial etch thereof;
Fig. 11 shows the sheet of Fig. 10 after a second etch; and
Fig. 12 shows the sheet with the resulting aperture, after the
35 photoresist is removed. |
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capabl & of medi um and hi gh resolution performance, but with 3 0 greater
i nherent strength than the current masks. In accordance with the present

i nvention, a display apparatus conprises a %Ol or CRT havi ng an evacuat ed
envel ope with a facepl ate panel sealed to ohe end of a funnel that is
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10 funnel 15 by a glass frit 21. A three color phosphor screen 22 is
‘carried on the inner surface of the faceplate 18. The screen 22,
shown in Fig. 3, may be a dot screen or a line screen which
includes a multiplicity of screen elements comprised of red-
emitting, green-emitting and blue-emitting phosphor elements R,

15 G, and B, respectively, arranged in color groups or picture
elements of three dots or stripes, in a cyclic order. Preferably, at
least portions of the phosphor elements overlap a relatively thin,
light absorptive matrix 23, as is known in the art. A thin
conductive layer 24, preferably of aluminum, overlies the screen

20 22 and provides means for applying a uniform poténtial to the
screen, as well as for reflecting light, emitted from the phosphor
clements, through the faceplate 18. A multi-apertured color
selection electrode or shadow mask 25 is removably mounted, by
conventional means, in predetermined spaced relation to the

25 screen 22. '

An electron gun 26, shown schematically by the dashed
lines in Fig. 2, is centrally mounted within the neck 14, to
generate and direct three electron beams 28 along convergent
paths, through the apertures in the mask 25, to the screen 22.

30 The electron gun 26 is a conventional in-line gun; however, any
suitable gun known in the art may be used.

The tube 10 is designed to be used with an external
magnetic deflection yoke, such as yoke 30, located in the region of
the funnel-to-neck junction. The combination of the tube 10 and

35 the yoke 30 comprises the display apparatus 8. When activated,
the yoke 30 subjects the three beams 28 to magnetic fields which



t he mask enpl oys photoetching. In the drawings: Fig. 1 is a plan view of a
conventional dot array shadow 1 5 mask Fig. 2 is a plan view, partially in
axi al section, of a color display apparatus enbodying the present
invention; Fig. 3 is a section of a screer5, of the tube shown in Fig. 2;
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i nvention; 30 ' 9 is a segnent of a nmask sheet showi ng patterns
of openi ngs iﬁreph%?t Fgélgg} | ayers on an exterior portion of the sheet; Fig.
10 shows the sheet Toie shadow miaskr23, shewnain greater hdgtailf in KFig. 411 isShows
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and an imperforate border portion 34 surrounding the apertured

10 portion 32. Nine areas of the apertured portion 32 of the mask 25
are shown. These areas include a central portion 36, at the
intersection of the major axis X and the minor axis Y, and eight
areas of the exterior portion 38. The eight areas of the exterior
portion 38 are located at the extremities of the major axis, the

15 minor axis and the diagonals. In the central portion 36 of the
mask 25, a plurality of circular apertures 40 are formed by
selectively etching circular openings 41, 42 into the oppositely
disposed surfaces of a metal sheet 39. The opposing surfaces of
the mask are designated as the grade, or electron gun-facing, side

20 and the cone, or screen-facing, side, respectively. In the exterior
portion 38 of the mask 25, a plurality of apertures 43 are formed
which have circular openings 44 on the grade side, and -
substantially elliptical or oval openings 45 on the cone side.
Furthermore, the major axis of each substantially elliptical

25 opening 45 is oriented in the direction of the incident electron
beams 28, so that in the exterior portion 38 of the mask the
openings 45 extend radially outwardly from the central. portion
36. Because the corresponding aperture openings 44 on the grade
side of the mask 25 are circular, when the mask is used as a

30 photomaster to print the screen, circular dots will be produced on
the interior surface of the faceplate panel. Preferably, the
substantially elliptical openings 45 of the apertures 43, in the
exterior portion 38 of the mask, are offset relative to the
corresponding circular openings 44 to further increase the

35 clearance for electron beams passing through the apertures.



3 5 phéotoresist is renoved. 4 Fig. 2 shows a color display apparatus 8
conprising a color CRT 10 having a glass envel ope 11 with a rectangul ar
faceplate panel 12 and a tubular neck 14 connected by a rectangul ar funnel
15 The funnel 15 has an internal conductéve coating (not shown) 5 that

contacts an anode_puttqn 16 and extends into the neck 14. A conductive
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in the art. Ahantom in Fig. 5, the amount of mask material that would have
10 to be removed to provide the circular opening is obviously greater
than the amount of mask material that is removed to form the
substantially elliptical opening 45. Consequently, a mask having
apertures with substantially elliptical openings 45 in the cone side
of the exterior portion thereof would retain more material in the
15 mask, and would be inherently stronger, than a mask with
' circular aperture openings of a diameter equal to the major axis
dimension of the substantially elliptical aperture openings.
TABLE 1 lists the elements, with corresponding symbols and
dimensions, of a novel medium resolution shadow mask for a tube
20 having a 66 cm. diagonal dimension, a 16 x 9 aspect ratio, and a
deflection angle of about 106°. As shown in Fig. 5, the "horizontal
pitch" (HP) and "vertical pitch" (VP) refer to the center-to-center
spacing between adjacent horizontal and vertical circular aperture
~ openings 44, respectively, on the grade side of the mask 25, and .
25 the diameter of each of the circular openings 44, in Fig. 5 is
designated "B". The diameter of the circular openings 42 on the
cone side of the apertures 40, in the central portion of the mask
36, is designated "D", as shown in Fig. 4. Again with reference to
Fig. 5, adjacent columns and rows of apertures are staggered in
30 such a manner that the centers of the circular aperture openings
44, on the grade side of the mask, in adjacent columns, are located
an equal distance from each other, thereby forming an equilateral
triangle. From Figs. 5 and 6, it is evident that the "diagonal pitch"
(DP), or the center-to center spacing between adjacent circular
35 openings 44, along the diagonal, on the grade side of the mask, is
equal to the vertical pitch (VP); however, it is recognized that DP



conductlve | ayer 24, preferably of alumnum overlies the screen 20 22 and
provi des nmeans for appl ying a uniformpotential to the screen, as well as
for reflecting light, emtted fromthe phosphor el enents, through t he
faceplate 18. A multi-apertured color sel eétion el ectrode or shadow mask 25
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tube, the 1nc1dent beam angle, "6", at the corner of the mask is

10 about 39°, and the major axis dimension, "A", of the substantially
elliptical openings 45 of the mask apertures 43, is greater in the
corners. The center-to-center spacing between adjacent ellipses,
along the diagonal, is designated "C", and is shown in Fig. 6. The
displacemcnt between the center of the circular openings 44 on

15 the grade side of the mask 25, and the center of the substantially
elliptical openings 45 on the cone side, for the corresponding
aperture 43, is designated as the “offset" and is identified in Fig. 6
as "OS". The diameter "B" of the circular openings 44 on the grade
side of the mask, for the apertures 43, may be equal to the

20 diameter of the openings 41 at the center of the mask, or the
openings 44 may be different in diameter than the openings 41,
and either decrease in diameter from center-to-edge, or first
increase and then decréase in diameter as the distance from the
center of the mask increases, as is known in the art. In the

25 present example, the diameter "B" is held constant from the center
to the edge of the mask, so that the diameters of the openings 41
and 44 are equal. The minor axis dimension, “E", of the
substantially elliptical openings 45, is larger than the diameter of
the grade side circular openings 44. In TABLE I, all d1mens10ns

30 are in micrometers, u, unless otherwise indicated.



rectangul ar raster, over the screen 22. The initial plane of ‘deflection (at
zero deflection) is shown by the line P- Pin Fig. 2, at about the mddle
of the yoke 30. For sinplicity, the actual 5 curvatures of the deflection
beam paths, in the deflection zone, are n§t. shown. The shadow mask 25,
shown in greater detail in Fig. 4, is t lally rectangul ar and

I ncl udes an apertured portion 32 and a%% orate border portion 34
surrounding the apertured 10 portion 32. Nine areas of the apertured
portion 32 of the mask Biememtshown. These ar easﬁ‘g_mme Dinensiond ortion

36, at the ingergecti.on of the major axis,X,and t m nor axi §,&, and ei ght
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circular apertures ; ) .selectively etching circular openings
41, 42 into t@enepsidei mingr @ixio @pedings f.adds of a Ketal sheet38D. The
opposi ng surf ofhitRRed@sk are designated as thg grade, origpectron
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fset | OF 84
Maximum Incident Beam Angle 0 390
15 TABLE II lists the elements, with corresponding symbols

~ and dimensions, of a high resolution shadow mask for a tube
having a 66 cm. diagonal dimension, a 16 x 9 aspect ratio, and a
deflection angle of 106°. The same reference numbers and _
symbols used in the medium resolution mask are used to refer to
20 corresponding elements in the high resolution mask. All
dimensions are in micrometes, p, unless otherwise indicated.

- TABLE 1I

25 Grade side aperture openings 41,44 B 127
Cone side aperture openings 42 D 140
Cone side major axis openings 45 A 254
Cone side minor axis openings 45 E 210
Mask thickness t - 150
30 Vertical Pitch VP 270
Horizontal Pitch - HP 468
Diagonal Pitch _ DP 270
Offset OF 60
Maximum Incident Beam Angle ] 4490

35



25 opening 45 is oriented in the direction of the incident electron beans
28, so that in the exterior portion 38 of the mask the openings 45 extend
radially outwardly fromthe central portion 36. Because the corresponding
aperture openings 44 on the grade side of t%he nask 25 are circular, when
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10 of the coatings may be a dichromate sensitized polyvinyl alcohol,
or any equivalent material.
| When the layers 52 and 53 are dried, the coated sheet 39 is
placed into a ‘vacuum printing frame, or chase, between two
master patterns having opaque areas, each supported on a
15 separate glass plate. Neither the chase, the patterns, nor the
plates are shown, but they are of the type described in U.S. Pat.
No. 4,588,676, issued to Moscony et al. on May 13, 1986. The
pattern in contact with the photoresist layer 53 on the surface 51
-of the sheet 39 differs from conventional patterns, in that the
20 opaque areas of the pattern-in the exterior portion theréof are
elongated in the direction of the incident electron beams, while
the opaque areas in the central portion are circular. Preferably,
the opaque areas in the exterior portion of the pattern are
substantially elliptical, with the major axis of each ellipse lying in
25 the direction of the incident electron beams. The pattern in
- contact with the photoresist layer 52 is conventional and has
circular opaque areas in both the central and exterior portions
thereof. The circular opaque areas of the pattern in contact with
the layer 52 are smaller in diameter than the opaque circular
30 areas and the substantially elliptical opaque arcas of the pattern
in contact with the layer 53. The substantially elliptical opaque
-areas in the pattern are made by photoplotting a single exposure
of a substantially elliptical aperture, or multiple exposures of a
round aperture of suitable diameter, successively displaced or

35 offset, to produce a substantially elliptical opaque area of the
desired size.




phantomin Fig. 5, the anmount of mask material that would have 1 0 to be
renmoved to provide.the circular opening is obviously greater than the
anount of mask material that is renoved to formthe substantially
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adj acent horisi@ﬁpa‘(e Ry thet PpaqueiaTeds.ar Vﬁb@nttheelwm’ﬂiﬁgsam,ﬁthave
cach of ?ﬁéya??g‘ufsi’?‘a?‘@ﬂ%ﬁ%‘*?fﬁ%‘*ﬁ@ﬁ? 3 el g‘fﬁ’éﬁ.‘ﬁﬁeﬁ’&“ﬁ%t er
of the circulr 8}5%‘?94*8& ﬁ'!goﬂ‘et 1792 é?@FHeéiflst FEMQNedt ures 40, in the
central pértion of Théeexposed3bayers Msimaﬁ%chréﬂig;vaﬂfgssw&di, gad:ir‘%uréel's e
S aggered i n OEEEEC i bk orf ShRGEE dhnERuE RO BRE o SpmBye e R per tur o
openi ngs 44, Wexposeds cmergispduble shadowed, areasadf athentlayerisunmAs shawn
| ocat ed in Fig. 6, after development, the sheet 39 carries on its major
~surfaces patterns of openings corresponding to the opaque areas
15 on the glass plates. The openings 60 formed in the first pattern in
layer 52, on the grade side of the sheet 39, are circular in both the
central and exterior portions of the sheet. The openings 62,
formed in the second pattérn in layer 53, on the cone side of the
exterior portion of the sheet 39, are substantially elliptical and are
20 offset relative to the circular openings 60 formed in the first _
pattern. The circular openings formed in the central portion of the .
second pattern in layer 53 are not shown in Fig. 6, but are
coaxially aligned with, and larger than, the openings 60 formed in
the central portion of the first pattern. The layers 52 and 53 with
25 the pattern of openings formed therein are now baked in air, at
about 250 ©C. to 275 ©C., to provide etch resistance patterns. The
sheet 39 with the etch resistant patterns thereon is now ,
selectively etched from both sides thereof, preferably in a single
step, to produce aperturés having openings corresponding to the
30 openings in the first and second photoresist patterns.
While one method of providing the substantially elliptical
opaque pattern on the glass plate is by multiple exposures of a
round aperture, it is also possible to achieve the same effect by
exposing circular images, successively displaced outwardly in the
35 direction of the incident electron beams, in the exterior portion of
the pattern, on multiple plates, and then multi-printing the




an equal ‘di stance from each other, thereby forning an equilateral triangle.
FromFigs. 5 and 6, it is evident that the "diagonal pitch" (DP), or the

center-to center spacing between adjacent circular 3 5 openi.ngs 44, al ong
t he di agonal, on the grade side of the mask| 1Js equal to the vertical pitch
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el ectron beamséﬁ%f pgdexanpl e, at the center of the mask 25, the path of

the beans 5 2 paraIIeI toth axis of the tube, so the incid
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shown in Fig. 68 amepléﬁ%ﬁpl‘ﬁﬂbnﬁmulﬁt maque h@rmnm psrsma@ett inc goatact
openi ngs 44(Pn with photoresistive layers on surfaces 50 and 51, evacuated and
exposed to actinic radiation to selectively change the solubility of
the photoresist layers. The photoresist layers are developed with
water to remove the more soluble areas shadowed by the opaque
areas of the pattern on the glass plates, to form an intermediate
15 pattern of openings in the photoresist layers. The photoresist
patterns are heated to make them etch resistant, and then the
metal sheet 39 is selectively etched through the openings in the
photoresist layers- to at least partially form openings in both
surfaces thereof. The etching is stopped, and the sheet is stripped
20 to remove the hardened photoresist layers. Next, the sheet is
recoated with the photoresist material to form new layers on both
sides thereof. The photoresist material overlies the previous
etched openings as well as the unetched portion of the sheet 39.
A glass plate with either an opaque pattern of circles thereon, or a .
25 clear glass plate, is placed in contact with the photoresist layer on
the grade side 50 of the sheet. If a clear glass plate is used, then
the entire resist layer on the grade side of the sheet 39 will be
rendered insoluble by the actinic radiation, and no further etching
of the grade side of the sheet will occur. However, a second glass
30 plate having a pattern of circular opaque areas, which are offset
outwardly in the direction of the incident electron beams, in the
exterior portion of glass plate, is placed in contact with the
photoresist layer on the cone side 51 of the metal sheet, in order
to make a second exposure. The circular areas in the central
35 portion of the second glass plate are unchanged from those of the
first exposure, so that the openings formed in the central portion
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G ade side apendesr it ©schi resistant] thel opemings. may bexaxtended deeper

into the mask without unnecessarily removing metal near the
surface that does not affect electron beam transmission, but does
provide strength to the mask. While the multiple etch process is
described using only two etch steps, it should be understood that
additional coating, photoexposing, developing and etch steps are
within the scope of this invention.

The same techniques described above, with respect to
forming substantially elliptical openings in the exterior portion of
one surface of the mask and corresponding circular openings on
the other surface of the mask, may be employed to form
polygonal openings in the exterior portion of the mask and
rectangular openings on the opposite side thereof. The resultant
mask may be used to make a line screen for a display tube. An
opaque polygon-shaped exposure pattern may be formed in the
exterior portion of a glass plate, or the multiple photoexposure
technique described above may be used. In the latter method,
rectangular opaque areas may be formed in a central portion of a
glass plate and polygonal opaque areas may be formed in the
exterior portion thereof. The polygonal areas are formed by
repeated exposure of a rectangular pattern that is successively
offset in the direction of the incident electron beams. The glass
plate is used to expose a photoresist layer that provides a pattern
of openings in the layer. Fig. 8, shows an exterior portion of the

mask 125, along a diagonal thereof, having an aperture 143 on the .

cone side with a polygonal opening 145 made using the
photoresist layer having the pattern of rectangular and polygonal
openings described herein. In the central portion of the mask
125, apertures 140 have rectangular openings 142 on the cone
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di nensi on, a 1®fx muls kﬁ&ﬁ etghing. and a deflectlon angle of [err] The sane
reference numbers arthe\oMIWings tHetiod! bf ﬂﬁﬂmﬁfbgegeashﬁ%g bE_fiitizeacd
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El enent s1de of the mask. Wiilnireferenés tonBigan 9 er 12, &5shﬁta!139 shake
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254 Cone Si de fongr side susfacesndsS0 aad 151 rEspectlvely Smablmamastbr ckness
t 1Yfatterns having opaque areas are provided on a first set of glass
10 plates which contact the coated sheet 139. The plates.and the
sheet are placed into a chase and exposed to actinic radiation to
selectively alter the solubility of the photoresist layers. Neither
the glass plates, the opaque patterns, nor the chase is shown.
Then, .the layers 152 and 153 are developed to remove the more
15 soluble, shadowed areas of the photoresist, to form openings 160
and 162, which are shown in Fig. 9. The openings 160 may, for
example, be rectangular or circular, and the openings 162 may, for
example, be rectangular or substantially elliptical. Preferably, as
shown in Fig. 9, the openings 162 in the resist layer 153 are larger
20 than, and offset outwardly from, the openings 160 in the resist
layer 152. Then, the sheet 139 is etched from both sides, as
shown in Fig. 10, to provide openings 170 and 172 into the grade
side and the cone side, respectively, of the sheet. The openings
170 and 172 substantially correspond in shape to the openings
25 160 and 162, respectively, and extend only -partially through the
sheet 139. Next, both sides of the sheet 139, including the
surfaces surrounding the apertures 170 and 172, are recoated
with photoresist material to form layers 252 and 253, which,
subsequently, are re-exposed to actinic radiation through another
30 set of glass plates(not shown) having opaque areas thereon that
are smaller than the opaque areas on the first set of glass plates.
The opaque areas of the second set of glass plates may be offset
relative the openings 170 and 172 in the sheet 139. The sheet
139 is developed to remove the more soluble, shadowed areas of
35 the resist layers, and etched again to form openings 270 and 272,
which extend from the previously etched openings 170 and 172,
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permit the electron beams 28 to pass therethrough without
impinging on the portion of the mask sheet 139 bordering the

10 apertures 190. Additionally, the multi-step etch removes the
minimum amount of material from the sheet 139, in the direction
of the incident electron beams, thereby providing a mask 125 .
having greater structural strength than conventional masks with
circular apertures in the exterior portion of the cone side thereof.
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glass plate. Neither the chase, he pl ates are shown,
but they are of the type descri bg
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junction of said neck and said funnel for deflecting said beams to
scan a raster across said screen; wherein
said apertures (43, 143, 190) in the exterior ‘portion (38) of
15 said mask (25, 125), on the screen-facing side thereof, have
openings (45, 145, 172, 272) that are elongated in the direction of
the incident electron beams (28) and offset relative to the
corresponding openings (44, 144, 170, 270) on the electron gun-
facing side of said mask.
20 '
2.  The apparatus as described in claim 1, wherein said .
openings (44, 170, 270) in the exterior portion (38) of said mask
(25, 125), on the gun-facing side thereof, are circular.

25 3. The apparatus as described in claim 2, wherein said
apertures (40) on the screen-facing side of said mask (25), in the
central portion (36) thereof, have openings (42) that are circular
and are aligned with corresponding circular openings (41) on the
electron gun-facing side of said mask, and the elongated openings

30 (45) in the exterior portion (38) of said mask, on the screen-facing
side thereof, are substantially elliptical.
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are placed in the vacuum chase, and {hEISHITRSEY V\ﬁ ,m ,ﬂﬁ
plates and the netal- sheet is evacuailed t oREPHNGERhe palfter ﬂ*" . ﬂ”i i ﬂ#,l
contatt with the 5 | ayers 52 and 53 Acti ppC radiration froma‘“suttables "«
| ight source illum nates the portions of thée |ayers 52 and 53 that are not :
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openi ngs cofre b‘;ldmﬁkto the opaque areas 1 5 on the glass plates. The

openings 60 fornmed in the first pattern in |ayer 52, on the grade side of

t he sheet 39, are cigcul in both the central and exterior portjons_ of the
sheet. The openings 62, ?tl?mﬂqqq‘?e@egﬁml {18y ﬁi(arlﬂll%!yéﬁfq‘%@,n $id he

cone side of tsubstantially ellipticah opertings (45t iB9thearextentibs tortion |(38) of
elliptical and g§§ mask (25), on the screen-facing side thereof, have a major

10 axis with a dimension (A) sufficient to ensure that the electron
beams (28) passing therethrough do not impinge upon the metal
sheet (39) bordering said elliptical openings of said mask, thereby
providing substantially circular electron beams which are incident
on said screen (22). \

15 :
6. The apparatus as described in claim 5, wherein said
substantially elliptical openings (45) in the exterior portion (38) of
said mask (25), on the screen-facing side thereof; have a minor
axis with a  dimension (E) slightly greater than the diameter of the

20 corresponding circular openings (41) on the gun-facing side of
said mask.

7.  The apparatus as described in claim 1, wherein said
openings (141, 144, 170, 270) on said gun-facing side of said
25 mask (125) are substantially rectangular.

. 8. The apparatus as described in claim 7, wherein said
openings (142) in the central portion of said mask (125), on the
screen-facing side thereof, also are substantially rectangular; and

30 the openings (145, 172, 272) in the exterior portion of said mask,
on the screen-facing side thereof, are polygonal and offset relative
to the rectangular openings (144, 170, 270) on the gun-facing side
of said mask; and the rectangular openings in the exterior portion
of said mask have a dimension in the direction of the incident

35 electron beams (28) sufficient to ensure that the electron beams
passing therethrough do not impinge upon the metal sheet (139)

—_—
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I



26. . offset relative to the circul i HQ‘% hgEersH A9 BEBR g he f| rst
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with, and larger than, the openings 60 forfed in the central portlbn bf
first pattern. The layers 52 and 53 with 25 the pattern of openings forrred
t herei n are nbordeximgl saidaipolygonabmpenifgs, ¢hetetiyo pﬂﬁnﬂmg] to provide
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single step, sajdpsereede (382t ur es havi ng openi ngs corresponding to the 30
openings in the first and second photoresist patterns. \Wile one nethod of

provi di ng 4 he subsfanti gl l,i ptical, op, e pattern on ss plate is
by i t1 5% exposcdes o £atbole Tayetbs chaying 2ny evicdated privelabach: eve
the same eff ewfittbyane)electrony gun cforagensrghny ® placsl ity of y eléctdna bedms
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(1'0 and an exterior portion with a plurality of apertures therein for
the passage of " the incident electron beams therethrough,
wherein :
. said apertures (43, 143, 190) in the exterior portion (38) of
said mask (25, 125) have openings (45, 145, 172, 272) that are
15 eclongated in the direction of the incident electron beams (28) and
offset relative to the corresponding openings (44, 144, 170, 270)
on the electron gun-facing side of said mask.

10. The_ tube as described in claim 9, wherein said
20 openings (44, 170, 270) in the exterior portion (38) of said mask
(25, 125), on the electron gun-facing side thereof, are circular.

11. The tube as described in claim 10, wherein said
apertures (40) on the screen-facing side of said mask (25), in the
25 central portion (36) thercof, have openings (42) that are circular
and are aligned with corresponding circular openings (41) on the
electron gun-facing side of said mask, and the elongated openings
(45) in the exterior portion (38) of said mask, on the screen-facing
side thereof, are substantially elliptical. '
30 - .
12. The tube as described in claim 11, wherein said
circular openings (42) in the central portion (36) of said mask
(25), on the screen-facing side thereof, are larger in diameter than

the corresponding circular openings (41) on the gun-facing side of
35 said mask.
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st opped, and t1s to renmove the hardene hot or esi st
| ayers. Next Oi ﬁéldskﬁé%?e‘ls(%coat ed with the photoresist material to form
new | ayers on both. 5| des thereof The photoresist material overlies the
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clear glass rslubs&antudl;pldhpdncnah apertiags (43 in htheprexterios mrtia;ye(ﬁSbnof he
grade side SQq08 MASKSEEH. o ftiR Sth¥n-BlARg SRt thérdof'S hdve #SMinor
axis with a dimension (E) slightly greater than the diameter of the
corresponding circular openings (41) on the gun-facing side of
15 said mask.

15. The tube as described in claim 9, wherein said
openings (141, 144, 170, 270) on the side of said mask (125)
facing said electron gun (26) are substantially rectangular,
20 . '

16. The tube as described in claim 15, wherein said
openings (142) in the central portion of said mask (125), on the
screen-facing side thereof, also are substantially rectangular; the
openings (145, 172, 272) in the exterior portion of said mask, on

25 the screen-facing side thereof, are polygonal and are offset
relative to the rectangular openings (144, 170, 270) on the gun-
facing side of said mask; and the polygonal openings in the
exterior portion of said mask have a dimension in the direction of
the incident electron beams (28) sufficient to ensure that the

30 electron beams passing therethrough do not impinge upon the
metal sheet (139) bordering said polygonal openings, thereby
providing substantially rectangular electron beams which are

incident on said screen (22).
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10 providing a pattern of openings (60, 160) in said first
photoresist layer, said pattern of openings in said first layer being
the same in the exterior portion and in the central portion of said
first layer; |
providing a pattern of openings (62, 162) in said second
15 photoresist layer, said second pattern of openings in said second
layer being different in the exterior portion of said layer than in
the central portion thereof;  and
etching said metal sheet through the openings in the
photoresist 1_ayers, to form said shadow mask apertures (40, 43,
20 140, 143, 190) with openings corresponding to the openings in
said first and second patterns. :

18. The method as described in claim 17, wherein said
openings (60, 160) in said first layer (52, 152) are circular.
25 '

19. The method as described in claim 17, wherein said -
openings (62, 162) in said second layer (53, 153) are circular in

the central portion (36) and substantially elliptical in the exterior

portion (38) thereof, the circular openings in the central portion of
30 said second layer being aligned with and larger than the

corresponding openings (60, 160) in said first layer (52, 152), the
elliptical openings in the exterior portion of said second layer

being offset relative to the corresponding circular openings in said

first layer, and the major axis of the elliptical openings radiating
35 outwardly from the central portion of said second layer.
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10 surface that does not affect el etvmss}a&&nm—tmﬂesmsmn f"fw

pI’OVI de strength to the mask. Wiile fhe meR&PyAGERtch proces: ”"l
using only two etch steps, it shoul d i re—greersToea—rra addltf’on%ll tcoau

phot eexposi ng, devel oping and etch steps are within the scope of this
I nvention. 15 The sane techni ques dg'gCI’l bed above, with respect to

form ng substantialgy. e"i‘h@tfn%&{od)%n'dégénb ﬂp&&ﬁri'pr f%hgrkﬁ?& one

surface of the masgk a% rrespondi ng cifrcufar_ope |ngs on
surface of thePRRIMRES elbriheopattern imothe Sbrsty bd @8 in the

exterior pOftll@@tiﬂf ulhe mktlﬁélcby%?ungﬁfcﬂmui@rtl&p?@tt%ﬁﬁ ﬂmhbeséwms' te

de th f It dt I
i spl 2y tube. JHSEUa PO SOTRHIRL dRo 5 SchFala POEKAR n)d HBSHEaREl T,
thehext eri gr ‘peet entergdr q:ogtmas of| sdid, lalyerl; mmUpblygma!)hopmngssure
techni que desq, ,
rect angul ar og%&ggﬁ% egl\s‘&’ rrg'loe den Hﬁ hﬁéﬁ% pgftélagﬁ %%:%éldgllggr‘

pl at e and pol ygonal opaque areas nay be forned in the exterior portion

-thereof. The pol ygopgl a‘l‘ﬁésmértﬁoci 06(\73@ 38?61%&?t1ﬁdc&>iﬂpqqr ew%réin saxd

rect angul ar pattern uccessl

hat " fse in the dir
i nci dent el ect Mgkaly Shggt t (1383 |sg°§w§bt mugh the OpeRings eﬁ& 3%39 in
phot or esi $10 | ayzid ‘tirst amrdO\sedeﬁd aphetddresist dayere (1525 158)t b forner. Fig. 8,

Shov an ext et bBkndghL( (P00 e Bttidg ont) Pict] 198 "Gefd snbd "9
said openings in said metal sheet substantially corresponding, in
shape, to the openings in said first and second patterns;

a second coating of a photoresist material is applied to the
15 first and second sides of said metal sheet, to form further
photoresist layers (252, 253) thereon having each a central
portion ‘and an exterior portion;
a further pattern of openings is provided in at least the
further photoresist layer (253) on the second side of said metal
20 sheet, said further pattern of openings being different in the
exterior portion of said layer than in the central portion thereof;
and
said metal sheet is then etched through the openings in the
further photoresist layers to form communicating openings (270,
25 272) forming the apertures (190) in said shadow mask (125).

..___\
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cone ;side with a pol ygonal openi he phot oresi st |ayer

havi ng the pattern of rectangul rTg(g:lsepatwygaazﬁEEB' openi ngs descri bed

herein. In the central portionipf th®EPASCED25, aflertures 140 have

rect angul ar openi ngs 142 on t he leeme==FF3s1de, and openi ngs 141 on the

grade side. Alternatively, the pol ygonal and rectangul ar openi ngs may be

formed by thge, P%ﬁs%p%f . et.chin Thefollovmn net hod of

mul ti-step e@%um Kt‘)\ %% tures in the
exterior portion on ecoeS| SAW"th referenceto Figs. 9 -
12, a sheet 139 has photoresist layers 152 and 153 di sposed on its grade

si de and cone side surfaces 150 and 151, resEectlve_I y. Suitable master
patterns having opaque areas are pro first set of glass 1 0

pl ates whi ch cont aetdlkg&fqggmgptay dahprifee £ it ERT (1) Wihg?! ©

pl aced into a chase an ra on to,s |ver alter
the sol ubili 1“9 gya¢yate hSNSP t(?iiy\ﬂ Ng?‘qq{g?‘ec rRangi é@%pﬁ%\@l@g Qhe

opaque patterom em@roﬁ e fomwsie (15) shawis clowd at be! otterserdbypadnébk are
devel opeds O (f TPV ntN faIRlific" pnel HatPhClurkRISERF SBESR (32) ' an
mtenor surface thereof. A shadow mask (25) is located in
proximity to the screen. The shadow mask comprises a metal
sheet (39) ha\)ing a central portion (36) and an exterior portion
(38) with a plurality of apertures (40, 43) therethrough. An
10 electron gun (26) is disposed within the neck for generating and
directing electron beams (28) toward the screen. A deflection
yoice (30) is disposed around the envelope at the junction of the
neck and the funnel. The yoke deflects the beams to scan a raster
across the screen. The display apparatus is improved over other,
15 oprior devices in that the apertures (43) in the exterior portion of
' the mask, on the screen-facing side thereof, have openings (45)
~ that are elongated in the direction of the incident electron beams
and offset relative to the corresponding openings (44) on the
electron gun-facing side of the mask. A method of making the
20 mask employs photoetching.
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and 162, which are shown in Fig. 9. The openings 160 may, for exanple, be
rectangular or circular, and the openings 162 nay, for exanple, be
rectangul ar or substantially elliptical. Preferably, as shown in Fig. 9,

t he openings 162 in the resist layer 153 are larger 20 than, and of fset
outwardly from the openings 160 in thelr sist layer 152. Then, the sheet
139 is etched from both sides, as.shown ( Fig. 10, to provide openings 170
and 172 into the grade side and the cone side, respectively, of the sheet.
The openings 170 and 172 substantially correspond in shape to the openings
25 160 and 162, respectively, and extend only partially through the sheet
139. Next, both sides of the sheet 139, includi t he surfaces surroundi ng
the apertures 170 and 172, are recoated with phgforesist material to form

| ayers 252 ; ~$xposed t 9 actinic
radi ation ft : '
areas therego
gl ass pl at gs
of fset rel ft
devel oped OL S
| ayers, anfd

t he previops

aque
f

B9 is

F rjom

PRIOR ART
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14 respectively, and formapertures 190, shown in Fig. 12. The nulti-step
etch, while described as consisting of only two etch steps, may conprise
nore than two steps, wWithin the scope of the present invention. The
advantage of the multi-step nethod, 5 shown in-Figs. 9 - 12, is that, by
varyi ng the size of the openings and t hei 276 ocations in each et ch step, t he
resul tant apertures 190 have the desired tilt and internal configuration
necessary to permt the electron beans 28 to pass therethrough w thout

| npi ngi ng on the portion of the mask sheet 139 bordering the 1 0 apertures
190. Additionally, the nmulti-step etch renoves the m ni num anount of
materi al fromtifel€he 139, in the direction of the incident electron
beans, thereby proViding ® gask 125 hq ng1§ ater structur ptrength than
conventional masks with circw ar apert in po}Tion of the

cone side thereof. REPLACE SHEET A04 JANﬁ 5 CLAI M5
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1.. Amnethod of formng a plurality of apertures in a netal sheet having a
central portion and an exterior portion, as well as a cone side and a grade
side, conprising the steps of: applying a coating of .a photoresist naterial
to said cone side and said grade side of said netal sheet to formfirst

phot oresi st | ayers having a central portion and an exterior portion
thereon; . providing a pattern of first/eopenings in the first photoresist

| ayer on said grade side of said sheet, the first openings on said grade
side being the same in the exterior portion and in the central portion of
the first photoresist layer; providing a pattern of first openings in the
first photoresist |layer on the cone side of said sheet, the first openings
on said cone side being digéerent in the exterior portion tkan in the
central portion of the fir photor%siSft | ayer; etchig sai met al sheet

it ho f .ol nhat aoci.ct .l
rrr——terreT—r TS

t hrough the fi S Az M ALCARCA et openi ngs:
ext endi ng parfi =Ser S s ' 2 a

sheet substa t! ' Y72 n said
patterns in t}h I it glof -a

phot or esi st
sheet to for
exterior portj




provi ding. a pattern of second openings in the second photoresist |ayer, at

| east on the cone side of said netal sheet, the second openi ngs being
different in the exterior portion of the second photoresist |ayer than in
the central portion thereof; and etching said netal sheet through the
second openings in the second,photoresigﬂﬁlayer to forma shadow mask
havi ng apertures with openings substantially corresponding to the first and
second openings In said patterns of the first and second phot oresi st

| ayers. 2. The nethod as described in claim1, further including the step

of stripping the first photo_asLsL_hqpeLs_aLIer et chi ret al sheet
through the first openings i ufé§$§t I . REPLACENMENT
SHEET Dat e : 04 JAN 1997 16§ 3 as " desSel JHMai N €l aim 1,
wherein the first openi ddb\i P st ST and{t he second
openings in the second-phgQ aid netal
sheet in the exteriot—poltii§ :géhe first
openings in the first phpt 3 in the
second photoresist | ayeflon . .
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4. . The method as described in claim11l, wherein , said openings of said .
apertures in the exterior portions of said netal sheet are radially

el ongated on the cone side of said netal sheet. 5. A nmethod formng a
plurality of apertures in a netal sheet used as an aperture mask in a CRT, .
sai d aperture mask having a central pglyki on and an exterior portion, as
well as a cone side spaced froma screen of said CRT and a grade side
facing an electron gun of said CRT, said electron gun providing a plurality
of electron beans that are incident on said screen, the nmethod conprising
the steps of: applying a coating of a photoresist material to sai dggone
side and sai d. grade side of said netal sheet to formfirst photoregfst

| ayers having a central portion and an exterior portion t$4reon; pryviding
a pattern of first openings in the first photoresist |aye~!on said ogfade
side of said nmetal sheet, the first openings on said grada_sigeherarihs
sane in the exterior portion and in the central gprtion of mﬁé%?%?%%?%?y
phot oresi st |layer; providing a pattern of first epenings '~Zﬁ%§%é?52fzégg
phot oresi st | ayer on the cone side of said netal [sheet, :fgﬁgggzg%%éﬁ%%f
in the exterior portion on the i&ge side of the f\rst ‘”‘-;»Sﬁ

‘//..

. ! e of | 77 o
being offset relative to the cormgsponding first eqr?hjégézékég%%ﬁég
phot oresi st | ayer on the grade sTide of said netal s ¢24543z¢%?ﬁgaﬁi met al
sheet through the first openingskxﬂ the first photordsVEZZEE7EARY f or m

ad. . Lem———
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openi ngs extending partially into
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metal shéet, said openings in said netal sheet substantially corresponding,
I n shape, to said pattern of first openings in the first photoresist

| ayers; stripping said first photoresist |layers fromsaid netal sheet;
appl yi ng a -second coating of a photoresist material to said cone side and
satd grade side of said netal sheet tc)ifgrnsecond REPLACEMENT SHEET
Date: 0 4 JAN 1997 17 (Caim5 continue phot oresi st | ayers having a
central portion and an exterior portion.on each side of said netal sheet:
providing a pattern of second openings in the second.photoresist |ayers,
the second openings in the éxterior portlonﬁg the cone side of the second
photoresist |ayer being offset relative t (g(xwrespo 'Né B nd
openings in the : ' 188

sheet, the secon\openNgs | e \eXNEr\O O\l C 151
photoresist | aygxs \eMNg | ’Qr \h fl s OREMN I rst
phot or esi st | ayqr sy ' 139
\ 160
) 152
Fi g. 9 § 160 GRADE SIDE
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. . ﬁLAC;MENT SHEET
etching said metal sheet through the second openlngs iin e second

photoresist | ayers to formsaid_a x/:qng pgg@q_ﬁﬁﬁ_,ﬂﬁﬂ _____________
openi ngs on the cone side that r.ﬁq bpeERtHRS BEEN fe dilkection—of

i nci dent el ectron beams and of flet LAGEDO the; correspondi ng opem ngs
on the grade side of said apertle—mesk—FF |

+3—1he tube as described in
claim 11, wherein said substantially eI |l iptical openings (45) in the

exterior portion (38) of said mask (25), on the screen-facing side thereof,

have a major axis with a dinension (A2pufficient to ensure that the

el ectron 5 beans (28) passing therethrough do not inpinge upon the netal
sheet (39) bordering said elliptical openings of said mask, thereby

provi di ng substantlally circular electron beans which are incident on said

screen (2spLAY A A TUSPAAVINGANEANH ARCED RESONUTION Wher ei n
said S“bSt%u lﬁsoﬁ&m IN %AW*;!}')C”—W“O” (38) o

sai d mask g~ ST de ther eol Tave a mnor axis with
diirmension (E) slightly greater than the dianeter of t he correspondi ng
circul ar openings (41) on the gun-facing side of 1 5 said nmask. 15. ~ The
tube as described in claim9, wher ABSERACT .

A display apparatus (8) .coﬁlprises-a color CRT (10) having an evacuated
envelope (11) with a faceplate panel (12) sealed to a funnel (15) that is closed by a.
_ neck (14). The panel has a luminescent screen (22) on its interior surface. A shadow
mask (25), located-in. proximity to the screen, comprises .a metal sheet (39) having a
central portion (36) and an 'extgrior portion (38) with a plurality of apertures (40, 43)
therethrough. An electron gun (26) is disposed within the neck for generating and
directing electron beams (28) toward the screen. A deflection yoke (30) is disposed
around the envelope to scan -a rastér across the screen. The apertures (43) in the
exterior portion of the mask, on its screen-facing side, have openings (45) that are
elongated in the direction of the incident electron beams and offset relative to the
corresponding openings (44) on the electron gun-facing side of the mask. A method

of making the mask employs photoetching. :
——
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R,

Figure 2

f
a



el ect n (26) are substantially fectangular. 20 16. The tube as
descri in claim215, wherein said openings (142).in the central portion

gpenml, 148E ARCH REPOR e | Atrieatier Nas 83Uk (125) facing said

of qmmmmmsmcqhe screen-facing side thereof

al so are

porgion of said mask, on 25 t he screen-faci ng Si de t hereof, are pol ygonal
and are offset relative to the rectangul ar openings (144, 170 270) on the
gun- fad digplay dppartus £8,digra3 komprises tahelqroCRT ovithl a shadowmyaski (ﬁS,tﬁg 2 wthich or

porft i on ledatedicinroxialitylto \the screbn)esiapises Iarméthl&shéeﬁ(GQ) hmngi céﬂtﬁal IpﬂﬁidﬂE(BG)

el ectroran&%ar&e&ﬁs oftidh{(38) ﬁﬂhat;qm%n fape

Sl pohaden bt xvmra& m S e
SR, PO slehgas wﬁ?‘?% %%sﬁi de P'bﬁ*sﬂ d éff@ ] $%5eer
Redl ace&wesp?pﬁhsggnmg Pée BrO-g- iagmg side e opemngs

n the gun-facing side of the mask are circular or rectangular Further, the corrcspondmg
opemngs (45 or 145, fig. 8) in the apertured portion (32) or in the exterior portlon (38) are
elliptical or polygonal. A method of makmg the mask employs photoetching.
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17. A nmethod of form ng a shadow mask (25 125) conpri si NREPLACEMENTISHEET

apertures (4£) 43, 140, 143, 190) in a netal sheet (39, }39) kﬁ ng.a
central portlon (36) and an exterior portion (38),. conprj Dang: Iéasg&aw?of
5 appl ying a coating of a photoresist rrate_rl al t
of said netal sheet (39, 139) to form ajkirst photoresist |ayer

and a second photoresist |ayer (53, 153) having each a eenttal p ortlon

and an exterior portion (38) on a first side and a second ‘““
respectively, of said netal sheet; 10 providing a ﬂ‘\ “\‘“1
openi ngs (@MBIMS0) in said first photoresist layer, said arn-of"

openings in said first layer being the same in the exterior portion and in
the central portion of said first |ayer; proyiding a pattern of opem ngs

(62, 162) in sdid séeometheds afntarming a: plusabily of :aperuremdn pa: matal of
openi ngs sheetihavirg caccentralr podiorny afd amr exterior poetien; asi wellpast accone

sai d | ayegideand a gmdcest,abonmrlsmg thlmstcﬁs oind et ching said netal
sheEt t hrough the opg ancHas }‘% h‘iate?i%lft‘br ghfdidb adO}[/v
masK aper e (0}
t he opgni ﬁs H'\"d“ga s'éé on Jf‘ i 38 %st'&ﬁcéﬁél@?g ?I bed
in claim hg ﬁl‘@"& (ﬂfp ﬂﬂ) e’ﬁﬂ igﬁl » (52, 152)
are circul ar . . providing a pa rn of flrst openings m the ﬂrs photoresist
layer on said grade side of said sheet, the first openings on said grade
side being the same in the exterior portion and in the central portion of
the first photoresist layer;
providing a pattern of first opamngs in the first photoresist
layer on the cone side of said sheet, the first opemngs on said cone
side being different in the exterior portion than in the central portion
of the first photoresist layer;
etching said metal shest through the first openings in the
first photoresist layers to form openings extending partially into said
metal sheet, said openings in said metal sheet substantially
corresponding, in shape, to the first openings in said patterns in the
first photoresist layers;
applying a second coating of a photoresist material to said
cone side and said grade side of said metal sheet to form a second
photoresist layer having a central portion and an exterior portion on
each side of said metal sheet;
providing a pattern of second openings in the second
photoresist layer, at least on the cone side of said metal sheet, the
second openings being different in the exterior portion of the second
photoresist layer than in the central portion thereof; and
etching said metal sheet through the second openings in the
second photoresist layer to form a shadow mask having apertures with
openings substantially corresponding to the first and second openings
in sald patterns of the first and second photoresist layers.

2. The method as described in claim 1, further including the
step of stripping the first photoresist layers after etching said metal
sheet through the first openings in the first photoresist layers.



25 19. The nethod as described in claim17, “wherei n_sai d o] mBWQ.ACEBiENTﬂ@ET
In said sécond | ayer (53, 153) are c “ mu‘intral ortion (
substantically elliptical in the ext e“‘ﬁ \ml “‘u) t here fmtéﬁdtdi@:@ frerr |
openings ‘in the central portion of 30* &ait sbcdnd | ayer b ‘
wi th and | arger -than the correspondi ngigpeni ngs (60, 160) in said first

| ayer (52, 152), the elliptical openings in the exterior portion of said

second | ayer being offset relative to the correspondi ng circul ar openings
in said first layer, and the najor axi s of the elllptlcal openi ngs

radi ating 3 5 g, out t%ﬁ anh | ayer.

Thi's Sh o

T She i E %ﬁp Jﬁt E&E\%ﬁ °
pattern i 9'?%1 aXQISZQhé 9 FQE?a‘FI‘ 8 Q 's r\@s 62) in

the pat t cxterigrt pertmo reqf.c are1 offsel r welative otey ther first apeningsr in the
portion dirdt photgoesist ilayér andehexsecond opemngs iri thei setopdr, said
pol ygonalpipseresist layer on the grade side of said metal sheet.

4. The method as described in claim 1, wherein , said openings
of said apertures in the exterior portions of said metal sheet are
radially elongated on the cone side of said metal sheet.

| §. A method forming a plurality of apertures in a metal sheet
- used as an aperture mask in a CRT, said aperture mask having a central
~ portion and an exterior portion, as well as a cone side spaced from a
screen of said CRT and a grade side facing an electron gun of said CRT,
said electron gun providing a plurality of electron beams that are
incident on said screen, the method comprising the steps of:
applying a coating of a photoresist material to said cone
side and said grade side of said metal sheet to form first photoresist
layers having a central portion and an exterior porhon thereon;
providing a pattern of first openings in the first photoresist
layer on said grade side of said metal sheet, the first openings on said
grade side being the same in the exterior portion and in the central
portion of the first photoresist layer;
providing a pattern of first openings in the first photoresist
layer on the cone side of said metal sheet, the first openings in the
exterior portion on the cone side of the first photoresist layer being
offset relative to the corresponding first openings in the first
photoresist layer on the grade side of said metal sheet;
etching said metal sheet through the first openings in the
first photoresist layers to form openings extending partially into said
metal sheet, said openings in said metal sheet substant:aily
corresponding, in shape, to said pattern of first openings in the first
photoresist layers;
. stripping said first photoresist layers from said metal
sheet; _ _
applying a second coating of a photoresist material to said
cone side and said grade side of said metal sheet to form second



radi ating outwardly fromthe central portion of said secon mEﬁﬁNbEM%th{E%T
nmet hod of "as_ described in claim17, wherein said netal shegt (139)
et ched t hrough the openings (160, 162) in 10 said first
photoresist |ayers (152, 153) to forglopenlngs (170, 172)
partially into said netal sheet, sai openlgg__Jn said netal sheet
substantially correspondi ng, in shape, to the openings—imnsat-d first and

second patterns; a second coating of a phot is applied to
the 15 first and second sides of said net aﬁ'mggl""nﬂﬁﬂﬂﬂfurther

phot or esi (Clairay 8 contintied}S>3) ther eon haV|ng edchta een portion and an
“exterior.portion; a further pattern of openings is provided in at |east the

further t 0
Sheet . s PDETBRIEE a3 Jaéﬁﬁ) ; @ghﬂéfééﬁ@“ A oY, exofiof Hdhiopoon,,
portlon @Hu%dPa EP@! 8 entral portion thereof and said netal
sheet is then etchel"q\ﬂd ingye patlerp ofi second apenings:inctheseconeki st | ayers
to form cphotorasisti layerseihegsecand, opsnings? - ther sxtariompoatient of ¢he( 190)
in said sgonevsides of (thed secohds phbtoresists Idyarnbbing offsbt relative to the
corresponding second openings in the second photoresist layer on the
grade side of said metal sheet, the second openings in the exterior
portion of the second photoresist layers being smaller than the first
openings in the first photoresist layers; and
_etching said metal sheet through the second openings in the
second photoresist layers to form said aperture mask having apertures
with openings on the cone side that are elongated in the direction of
the incident electron beams and offset relative to the corresponding
openings on the grade side of said aperture mask.
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DISPLAY APPARATUS HAVING AN ENHANCED RESOLUTION

SHADOW MASK AND METHOD OF MAKING SAME
ABSTRACT

A display apparatus (8) comprises a color CRT (10) having an evacuated
envelope (11) with a faceplate panel (12) sealed to a funnel {15) that is closed by a
neck (14). The panel has a luminescent screen (22) on its interior surface. A shadow
mask (25), located in proximity to the screen, comprises a metal sheet (39) having a
central portion (36) and an exterior portion (38) with a plurality of apertures (40, 43)
therethrough. An electron gun (26) is disposed within the neck for generating and
directing ‘electron beams (28) toward the screen. A deflection yoke (30) is disposed
around the envelope to scan a raster across the screen. The apertures (43) in the
exterior portion of the mask, on its screen-facing side, have openings (45) that are
elongated in the direction of the incident electron beams and offset relative to the

corresponding opénings (44) on the electron gun-facing side of the mask. A method
of making the mask employs photoetching.

Figure 2



